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[57] ABSTRACT 

A linear transmitter (101) using predistortion includes a 
modulator (103), a predistorter (107), a digital quadrature 
modulator (111), an upconverter (113), a power amplifier 
(115), and an antenna (117). In addition, the transmitter 
(101) has a feedback loop including a coupler (119), a 
downconverter (123), a digital quadrature demodulator 
(125), and a trainer (131). The digital data to be transmitted 
is provided into the modulator (103), which converts the 
digital fa t? into in-phase and quadrature component signals. 
The in-phase and quadrature component signals are then 
provided to the predistorter (107), which **predistorts w the 
component signals prior to amplification. The digital 
quadrature modulator (111) converts the component signals 
into a single analog signal The upconverter (113) upcon- 
verts this signal from the predistorter (107) into the desired 
frequency of transmission, which is provided to the power 
amplifier (115) and the antenna (117) for amplification and 
broadcast The coupler (119) provides a portion of the 
amplified signal to the analog downconverter (123), which 
lowers the frequency of this signal to a range that is easily 
processed. The signal is then provided to the digital quadra- 
ture demodulator (125), which outputs the in-phase and 
quadrature component signals of the signal. These in-phase 
and quadrature component signals are provided to the trainer 
(131) which analyzes them with the output signals from the 
modulator. The trainer (131) compares these signals and 
updates the predistorter (107) so that the digital quadrature 
demodulator (125) output signals are substantially equiva- 
lent to the modulator (103) output signals. 

35 Claims, 6 Drawing Sheets 
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LINEAR TRANSMITTER USING 
PREDISTORTION 

FIELD OF THE INVENTION 

This invention relates to linear transmitters, and more 
particularly, to linear paging transmitters utilising predistor- 
tion. 

BACKGROUND OF THE INVENTION 

It is well-known that the power amplification stages of 
typical broadcast transmitters behave in a nonlinear fashion 
when operated near peak capacity. One simple solution to 
this problem is to "back off" the power amplifier and only 
operate the power amplifier below saturation in its linear 
region. However, backing off the power amplifier tends to 
reduce the power conversion efficiency of the power ampli- 
fier. Additionally, for a given required transmitter output 
power;, the power amplifier used must be larger (and more 
expensive) than a power amplifier that can be operated at 
peak capacity. 

Furthermore, although backing off would allow the power 
output of the power amplifier to behave more linearly, 
backing off would not alleviate the phase distortion of the 
power amplifier. For modulation schemes that only depend 
upon modulation of amplitude (such as AM), phase distor- 
tion is of relatively little concern. However, for other types 
of modulation schemes that rely upon both amplitude and 
phase modulation, phase distortion is an important concern. 

In order to provide high speed data rates, some conven- 
tional systems use modulation schemes such as quadrature 
amplitude modulation (QAM), As is known in the art, QAM 
relies upon the transmitter being able to vary both the phase 
and amplitude of the transmitted signal. Unfortunately, 
power amplification stages that perform nonlinearly gener- 
ally have extreme difficulty in implementing the QAM 
scheme efficiently and effectively. 

One result of nonlinear amplification stages with QAM 
schemes is that undesirable intermodulation products 
(IMPs) typically are generated. The intermodulation prod- 
ucts manifest themselves as spurious emissions that lie both 
inside and outside of the desired transmitter channel. These 
emissions arc unacceptable, for two reasons. First, govern- 
mental entities, such as the Federal Communication Com- 
mission (FCC) require that spurious emissions out of an 
assigned channel be a predetermined level lower (usually 
indicated as a dB level down from peak output) than the 
main central channel. Secondly, by having intermodulation 
products, energy is lost in transmitting signals that will not 
be received by a receiving unit, such as a pager or a cellular 
phone. Thus, nonlinearities in the power amplification stages 
of a transmitter inefficiently utilize power and fail to meet 
the requirements of the FCC for adjacent channel emissions. 
This problem has been recognized in the prior art as seen in 
U.S. Pat No. 4,291,277 issued to Davis et al. on Sep. 22, 
1981. 

Typical conventional predistorter schemes use analog 
quadrature modulators and demodulators with separate 
in-phase and quadrature signal analog-to digital (A-D) and 
digital-to-analog (D-A) converters. Such analog systems 
require analog carrier signals that arc equal in amplitude and 
have a 90° relative phase difference. However, among other 
disadvantages, these analog carrier signals are subject to 
drift or variation over time and temperature. Any imbalance 
between the carrier signals in amplitude or phase difference 
can cause unwanted sideband and carrier regeneration, as 
well as other higher order products in the output signal 
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spectrum. These errors typically degrade the operation of 
predistortion schemes. Similarly, any relative delay or 
amplitude imbalance in the in-phase and quadrature base- 
band introduced by the quadrature modulation or demodu- 
5 lation process or any intervening stages also degrade the 
operation of predistortion schemes. Thus, the baseband 
signals are typically mismatched to some degree in delay 
and scaling, thereby degrading the performance of the 
system 

10 Further, some conventional predistortion schemes require 
that the transmitter transmit special data sequences to prop- 
erly train the trainer. In these systems, the special data 
sequence are periodically transmitted to update the trainer 
and predistorter. Thus, when these special data sequences 

is are transmitted, normal data or voice transmissions cannot 
be sent, thereby reducing the transmitter's throughput. 
Moreover, these data sequences may cause the transmitter to 
violate the spectral requirements of the FCC. 

Still further, typical conventional transmitters with 

20 predistortion, on power up, may transmit spurious out-of- 
band signals while initially training the system Typically, 
these transmitters transmit a special training sequence upon 
power up, which can cause these spurious signals. 
Consequently, these transmitters do not transmit normal data 

25 or voice signals immediately after power up, but instead 
must wait for the 'Initialization" to complete. 

In addition, typical conventional paging transmitters, 
once implemented, cannot be easily reconfigured. Paging 
formats and predistortion schemes are constantly being 
improved and updated and, thus, there is a need for these 
transmitters to be easily reconfigured with these new formats 
and schemes. Typical conventional paging transmitters can- 
not support such reconfiguration on a commercial scale. 

35 The present invention is directed towards a reconfigurable 
transmitter that will operate linearly with various modula- 
tion schemes, including those that vary the amplitude and 
phase of the transmitted signal. The present invention is also 
directed toward overcoming the disadvantages of analog 

4Q modulation and other disadvantages of the prior art 

SUMMARY OF THE INVENTION 

The present invention is directed towards a linear trans- 
mitter using predistortion and adaptive monitoring to con- 

45 tinuously update the predistortion of the transmitter. The 
transmitter includes a modulator, a predistorter, a digital 
quadrature modulator, a digital-to-analog converter, an ana- 
log upconverter, and a power amplifier. In addition, the 
transmitter has a feedback loop including a coupler, an 

50 analog downconverter, an analog-to-digital converter, a digi- 
tal quadrature demodulator, and a trainer. 

In operation, the modulator receives digital data that is to 
be transmitted and converts the digital data into in-phase and 
quadrature component signals. The in-phase and quadrature 

55 component signals are then provided to the predistorter 
which multiplies the component signals by a varying com- 
plex gain (a+jb), such that when they are subsequently 
passed through the power amplifier the signals will appear as 
close as possible to the desired modulated signal, without 

60 distortion. The signals from the predistorter are received by 
the digital quadrature modulator, which outputs a single real 
digital signal. The real digital signal is converted to a real 
analog signal by the digital-to-analog converter. The real 
analog signal is upconverted into the desired frequency of 

65 transmission by the analog upconverter, and the upconverted 
signal is then provided to the power amplifier for transmis- 
sion. 
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In the feedback loop, the coupler provides a portion of the tion. In the forward signal processing path, the transmitter 

output signal of the power amplifier (ie., the receive signal) 101 includes a modulator 103, a predistorter 107, a digital 

to the analog downconverter, which lowers the frequency of quadrature modulator 111, a digital-to-analog converter 112, 

the receive signal to a range that is easily processed. The an analog upconverter 113, a power amplifier 115 and a 
downconverted signal is then provided to the analog-to- 5 transmimng antenna 117. A feedback 1^ 

digital converter for conversion to a digital signal. Hie deludes a directional coupler 119 (between the power 

digitalsignalfroratheanalog-to-digitalconverterisreceived amplifier 115 and the antenna 117), an analog downcon- 

by the digital quadrature demodulator, which outputs the vcrt f ^T^S?*** T^iaVV 

nK,oa Z.a „.,~,w.„o „„™™„™r C i an »u nf ih* X.™Hn quadrature demodulator 125, and a trainer 131. The trainer 
m-phase and quadrature coir^nent signals of me demodu- H ^ A ^ of me 

lated signal to the trainer. Tlie trainer also receives the 10 m and interact ^ the predistorter 107 In 

in-phase and quadrature component signals from the modu- othef embodimentS) additional power amplifiers may be 

lator. The trainer analyzes the demodulated signals in-phase connected ia parallcl ^ mc po Wcr amplifier 115 to 

and quadrature component signals with the in-phase and i ncre ase the gain of the transmitter 101. 

quadrature component signals provided by the modulator DigUal ^ ^ is t0 ^ broadcast by th c transmitter 101 

and estimates and updates the predistorter varying the com- 15 is ^©vided to the modulator 103, as represented by line 133. 

plex gain so that the transmitter output signal (as demodu- ^ ^ bc pro vided by any source. In a preferred 

lated by the digital quadrature demodulator) is maintained embodiment, the linear transmitter 101 is adapted for use as 

substantially equivalent to digital data to be transmitted (as a paging transmitter, although it can be used in any radio 

modulated by the digital modulator). frequency (RF) application. In a preferred embodiment the 

According to another embodiment of the present 20 data input into the modulator 103 is provided from a 

invention, a controller interface of the modulator, the digital transmitter controller 135 (shown in broken lines) that is 

quadrature modulator and the digital quadrature demodula- operative to receive data over a link channel from a paging 

tor include reprogramroable devices which can be reconfig- terminal andformulate the data for transmission. The ; details 

ured by a controller. Thus, these elements can be selectably *e construction of a transmitter controUer , and ^ indeed an 

reconfigured to modify the modulation formats and other 25 entire paging system, can be found in U.S. Bat 1^ 5,481 

functions. Hie modulator, predistorter, trainer and digital 2 + 58 to Fawcett et aL US. 

a _* • i ♦ a .^^.^ ~>~t™n^ A\ n i et al. and U.S. Pat. No. 5,416.808 to Witsaman et al., 

downconverter are implemented in software controUed digi- commOBl ^ d to ^ oftbe t 

tal signal prccessmg (DSP) devices fcat can be reconfigured and herein by 

to modify their functions. In a further refinement, the r J . 

controller is coupled to receive configuration infonnation 30 In apref ^ d e ? bodu ™f' f"» ^jJ^K 

remotely communicated to the controUer so that the trans- s ^ ols ' «*» « ch ^ presenting a ^termned 

mitter can be reconfigured from a remote location. numh ? of b,ts - ™ e b " s per 

6 upon the particular modulation scheme being transmitted by 

BRIEF DESCRIPTION OF THE DRAWINGS the transmitter 101. Modulation formats in typical conven- 

The foregoing aspects and many of the attendant advan- 35 tional paging data systems include formats such aMor 
tagcsoftWsmvLtioTwmbecomemorereadayappredated «"f e : « "fJ^W k ^ ng ^ 
aTthe same becomes better understood by referee to the mod ^ on ^^S^/TL , .73 ' 

following detailed description, when taken in conjunction f» level „ Q ^ ^^V*™ 1 ? S"!, 
with the accompanyingliawings, wherein: svmt«>l. Similarly, a ax en level QAM scheme 

„ . T ' * , * r . ,40 would have four bits per symbol. It can be appreciated that 

FIG. 1 is a simplified block diagram of one embodiment «° fof a symb £ mere ^ ^ possible symbols . 

of a transmitter according to the present invention; Likewise, for a four-bit symbol, there are sixteen possible 

FIG. 2 is a block diagram of a second embodiment of a sym bois. Throughout most of this discussion, the example 

traiismitter according to the present invention; uscd wfl] be of a four-bit symbol, which corresponds to a 

FIG. 3 is a block diagram of one embodiment of a 45 sixteen level QAM scheme, 

modulator according to the present invention; xh e modulator 103 is operative to correlate each particu- 

FIG. 4 is a block diagram of one embodiment of a DSB lar symbol with predetermined in-phase and quadrature 

module according to the present invention; output signals. Thus, for each unique symbol, a different 

FIG. 5 is a block diagram of one embodiment of a digital combination of in-phase and quadrature component signals 

interpolator and digital quadrature modulator according to 50 for the base band signal is output by the modulator. In a 

the present invention; preferred embodiment, the modulator 103 includes a Texas 

FIG. 6 is a block diagram of one embodiment of a Instruments TMS320C44 microprocessor that is pro- 
controller according to the present invention; grammed to perform the in-phase and quadrature modula- 

FIG. 7 is a flow diagram illustrating the operation of the a ° n on te symbols (described below in conjunction with 

controller in automatically adjusting the gain and attenuation 55 FIGS. 3 and 4). 

of the analog downconverter and analog upconverter, Additionally, as each symbol is processed, the modulator 
respectively, according to one embodiment of the present 103 docs not '"instantaneously" transition from one symbol 
invention; and t0 another. Such an instantaneous change in in-phase and 
FIG. 8 is a flow diagram illustrating the operation of the quadrature output signals would result in high frequency 
predistorter in automatically maintaining a maximal « harmonics in the system. Instead, by means of digital 
dynamic range of signals passing through the transmitter filtering, a smooth transition between symbols (and there- 
accord to one embodiment of the present invention. fore in-phase and quadrature output signals) is achieved. 

One embodiment of this technique which is applicable to an 

DETAILED DESCRIPTION OF A PREFERRED FSK sy^m is disclosed in more detail in U.S. Pat. No. 

EMBODIMENT 63 5,418,818 to Marchetto et al., assigned to the same assignee 

FIG. 1 shows in schematic form one embodiment of a as the present invention and incorporated herein by refer- 

linear transmitter 101 in accordance with the present inyen- ence. 
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Next, the in-phase and quadrature component signals 
output by the modulator 103 are input into the predistorter 
107. The predistorter 107 is operative to modify the in-phase 
and quadrature component signals output from the modula- 
tor 103 so as to compensate for any distortion that takes 
place in the power amplifier 115. The compensation pro- 
vided by the predistorter 107 is controlled by the trainer 131 
using any suitable predistortion scheme. The trainer 131 is 
described in more detail below. 

The output of the predistorter 107 is then provided to the 
digital quadrature modulator 111. The digital quadrature 
modulator 111 converts the in-phase and quadrature com- 
ponent signals into a single real digital signal The real 
digital signal from the digital quadrature modulator 111 is 
received by a D-A converter 112 that converts the real digital 
signal to an analog signal, producing an intermediate fre- 
quency output signal. For example, the intermediate fre- 
quency is approximately 5.6 MHz in a representative 
embodiment. Because a single D-A converter is used, the 
distortion caused by the relative delay and amplitude dif- 
ferences introduced in those conventional systems that use 
separate D-A for in-phase and quadrature signals is substan- 
tially eliminated in the transmitter 101. 

The intermediate frequency output signal from the D-A 
converter 112 is provided to the analog upconverter 113, 
which converts the intermediate frequency signal to a broad- 
cast frequency signal having a frequency within a frequency 
band of the paging system. For example, the broadcast 
frequency is approximately 940 MHz in a representative 
embodiment. The analog upconverter 113 can be any suit- 
able conventional upconverter such as, for example, a mixer 
receiving a local oscillator signal. 

The power amplifier 115 receives the broadcast frequency 
signal from the analog upconverter 113, amplifies the signal, 
and provides the amplified signal to the transmitting antenna 
117 for transmission. The power amplifier 115 can be any 
suitable power amplifier such as, for example the power 
amplifier disclosed in copending and cofiled application 
[attorney docket number GLENPW-1-8884], assigned to the 
same assignee as the present invention and incorporated 
herein by reference. In a representative embodiment, four 
such power amplifiers are used in parallel, but fewer or more 
can be used in other configurations. 

In order to aid in the accurate predistortion of the signal, 
the feedback loop monitors the amplified signal from the 
power amplifier 115. In a preferred embodiment, the coupler 
119 is a conventional directional coupler positioned rela- 
tively close to the antenna 117. The signal from the coupler 
119 is provided to the analog downconvcrter 123, 

The analog downconverter 123 operates in an opposite 
manner to the analog upconverter 113. In particular, the 
analog downconverter 123 lowers the frequency of the 
receive signal outputted by power amplifier 115 to an 
intermediate frequency. In a preferred embodiment, this 
intermediate frequency is substantially the same as the 
intermediate frequency used in the forward signal process- 
ing path. Within the analog downconverter 123, there is a 
series of filtering, amplification, and mixing with local 
oscillator signals to generate the intermediate frequency 
signal 

Next, the intermediate frequency signal is converted from 
an analog intermediate frequency signal into a digital signal 
This is accomplished by using a conventional A-D converter 
124 such as, for example, an Analog Devices AD9026, 
which samples the intermediate frequency signal and out- 
puts a digital signal representing the sampled intermediate 
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frequency signal. The digital quadrature demodulator 125 
performs a digital quadrature demodulation of the digital 
signals and outputs the in-phase component signal and the 
quadrature component signal. 

5 The trainer 131 receives the output signals of the digital 
quadrature demodulator 125. The trainer 131 also receives 
the output signals from the modulator 103. Some predistor- 
tion algorithms also require the trainer 131 to receive the 
output signals from the predistorter 107. Thus, in effect, the 

10 trainer 131 receives the exact modulated signal that was 
intended to be sent (the output signals of the modulator 103) 
and the signal that was transmitted (the output signals of the 
digital quadrature demodulator 125) in order to ensure that 
the predistorter 107 correctly compensates for the distortion 

15 caused by the power amplifier 115. The trainer 131 and the 
predistorter 107 can implement any suitable predistortion 
scheme such as, for example, the scheme disclosed in U.S. 
Pat No. 5,049,832 to Cavers. Typically, the trainer provides 
one or more "trainer" signals to the predistorter that modify 

20 the predistorter's response to the in-phase and quadrature 
signals input to the predistorter. 

In addition, the trainer monitors the actual data or voice 
signals being transmitted to implement the predistortion 
scheme, as opposed to special sequences (i.e., not normal 

25 data or voice signals) as required by some conventional 
systems. Thus, normal data or voice transmissions need not 
be interrupted to transmit special data sequences to update 
the predistorter as in these conventional systems. 

30 FIG. 2 is a block diagram of a transmitter 200 according 
to another embodiment of the present invention. The trans- 
mitter 200 is substantially similar to the transmitter 101 
(FIG. 1), except that the transmitter 200 includes an inter- 
polator 205 connected between the modulator 103 and the 

33 predistorter 107, a digital interpolator 209 connected 
between the predistorter 107 and the digital quadrature 
modulator 111, a digital decimator 229 connected between 
the trainer 131 and the digital quadrature demodulator 125, 
a combined detector and low pass filter 221 connected to the 

^ coupler 119, and a controller 238 connected to the detector 
and low pass filter 221. The output signals of the controller 
238 are provided to components 103-221 and 229-237 as 
described below. In addition, the transmitter 200 includes a 
synthesizer 235 connected to the analog upconverter 113 and 

45 the analog downconverter 123, a phase locked loop (FLL) 
237 connected to the digital quadrature modulator 111. An 
ovenized reference oscillator 233 is connected to both the 
synthesizer 235 and the PLL 237. 
The transmitter 200 operates in substantially the same 

50 manner as the transmitter 101 (FIG. 1). In this embodiment, 
the output signals of the modulator 103 are the in-phase and 
quadrature component signals sampled at 80,000 samples 
per second (80 ksps), A preferred embodiment of the modu- 
lator 103 is described below in conjunction with FIG. 3. 

55 The in-phase and quadrature component signals output by 
the modulator 103 are received by the interpolator 205. The 
interpolator 205 operates to increase the effective sampling 
rate of the received signals by means of digital interpolation. 
In a preferred embodiment, the interpolator 205 outputs the 

$0 in-phase and quadrature component signals at a rate of 
approximately 800 ksps and is implemented with a DSP 
module (described below in conjunction with FIG. 4). 

Next, the signals output from the interpolator 205 are 
input into the predistorter. The predistorter 107, as previ- 

65 ously described, predistorts the received in-phase and 
quadrature component signals to compensate for the distor- 
tion of the power amplifier 115. The pre distorted 800 ksps 
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component signals from the predistorter 107 are received by this amplifier is controlled by the controller 238. The con- 
the digital interpolator 209. The digital interpolator 209 toiler 238 is described further below in conjunction with 
operates in a fashion similar to the interpolator 20S. In FIG. 6. As a result, the controller 238 can maintain substan- 
particular. the digital interpolator 209 converts the sampling dally constant power amplifier output power, as described 
rate to a higher rate. Specifically, both the in-phase and 5 below in conjunction with the flow diagram depicted in FIG. 
quadrature component signals are first upconverted in a first 7. 

step by a factor of two. Thus, after this first conversion, the fc ^ averagc powcr mon i t oring path, the combined 
effective sampling rate of the component signals is appro*- detector an d low pass filter 221 measures the average signal 
mately 1.6 Msps. The signals are then VomatiA by and provides a signal indicative of the average 

another factor of two. resulting in an effective rate of 10 ^^ totecratt i to2 aTteddBl«iai«»be 
approximately 3.2 Msps. Next, these two 3.2 Msps signals * suitable % v wer ^aoi such as, for example, a 

are passed to a further interpolator which upconverts them ^ertioaai calibrated diode detector. The controller 238 
by a factor of seven to approximately 224 Msps. Thus, the ^ reccives ^ si ^ fy om me modulator 103 and from 
output signals of the digital interpolator 209 are in-phase and ^ ^ decimator m By ^y^g fte signals received 
quadrature component signals that have been sampled at u ^ ^ ^ ^ controller jjg ^ determine if any 
22.4 Msps. The interpolation stages include dlgu* ffltering ^ m comporien t s ^ malfunctioning. For example, 
of the base band signals. The unplementoUon of the digital ^ o ' me detector 221 ^cates a drop „, 

interpolator 209 is described further below in comunchon stKD0b , and the output signals of the modu- 

with FIG. 5. lator jenain relatively constant, then a malfunction in 

The digital quadrature modulator 111 receives the output ^ ^ opconversion chain (103-119) is indicated. The detector 
signals of the digital interpolator 209 and modulates them as ^ and uMroUa 238 can also be used to monitor and 
previously described using a digital quadrature modulation calibrate ^ gain me power amplifier 115. 
scheme In this embodiment, the digital quadrature modu- k M above 

btor 111 uses a digital equivalent <*»^°*^*?*£ the 940 M& receive signal fromthc coupler 119 is provided 
balanced modulauo. .scheme in ^^^J^^ * to fte ^ downconverter 123, converted to the intenne- 
camer signal denved from a 22.4 MHz signal provided by fre^cy of 5 6 MHz and received by the digital 

ffie PIX237.Therealdigitalm^^ d Tmod3latoV ^ Tn" digit/ quadXe 

converted to an analog signal by the D-A converter 1U. As ^ modulator ^ ates ^ prC vi 0U sly described for the 
aresult the D-A converter 112 outputs a 5.6 MHz <uialog p ^ l),produd ngin-phase and quadrature 

intermediate frequency signal to the analog upconverter 113. 30 * ^ j^Msps. to apreferred embodiment, 

The analog upconverter 113 receives too local oscillator ^ ^ _ uadrature demodulator is implemented using a 
signals provided by the synthesizer 235. In 8 preferred m3 &M programmable gate ^ay (FPGA) that has 

embodiment, where the broadcast frequency is 940 1 MHz, C0D&&SK d to perform the digital quadrature demodu- 

the two frequencies provided by the synthesizer 235 are a J~? 6 y * 
36.9 MHz local oscillator signal and a 897.5 MHz local 3S g ^ of 

oscillator signal. The analog iipconverter U3 receive' the ™jg quadra tur e demodulator 125 and performs a 
local oscmator signals for mixmg with the 5. ^MHz .inter- J»£g£ * factor rf ^^.^ l0 produce 80 0 ksps 
mediate frequency signal in a conventional two-stage nux- ? signals. The downconversion is 

kg scheme. In the first stage of the upconmaon the J^Smk in & embodiment, by two Harris 

intermediate signal B imxed with toe 36 9 MHz local ,0 P^^ de< ^ Wto ^ o aj ^ to dedmate 
oscillator sienal and the upper side band of the resulting nort^u wv ... 6 ^ . . *^ T j > i 
42JMH2 ££ 5 runplffiS and bandpass filtered before by twenty-eight and to filter the base band signals, 
being mixed with the 8*7.5 MHz local oscillator signal. The The 800 ksps complex base band signals are received by 
resulting upper side band at 940 MHz is bandpass filtered the trainer 131. As previously described, the trainer analyzes 
and provided to the power amplifier 115. It can be appreci- 45 the receive signals and the signals from the modulator 103 
ated Aat to change the frequency of transmission of the to control the predistorter 107 to properly compensate for 
transmitter 101, the local oscillator frequencies of synthe- the distortion caused by me power amplifier US.Tht output 
sizer 235 can be changed. The 940 MHz signal is then signals of the predistorter 107 may be received by the trainer 
amplified by the power amplifier 115 and broadcast through 131 as required by the particular predistortion scheme being 
antenna 117 as previously described for transmitter 101 50 used - 

(Pjq iy Another important feature of the present invention is that 

In a preferred erarjodiment, the synthesizer 235 is a all of the processing done by each of the components of FIG. 
Phillips SA7025 synthesizer chip. As noted above, the 2 is keyed off synchronous clock signals. By utilizing the 
synthesizer 235 controls the variable local oscillator signal same clocking in the demodulation scheme of components 
for precisely determining (he transmit frequency of the 55 123-131 and 205-209, as is used in the modulation scheme 
signal. The synthesizer 235 uses a reference oscillator 233 of components 103-113 and229, itis possible to monitor the 
that, in a preferred embodiment, is a stable reference at 10 transmitted signal quality on each digital sample. The modu- 
MHz. In a preferred embodiment, this 10 MHz stable lation and demodulation are phase Locked to one another 
reference is obtained from the transmitter controller of a with adjustment only needed for (he delay through the 
paging base station. 60 analog and digital stages, including the power amplifier 115. 

The analog upconverter 113 also includes a conventional FIG. 3 is a block diagram of one embodiment of the 
variable attenuator which can be controlled by (he controller modulator 103 according to the present invention. The 
238. The variable attenuator can be any suitable variable modulator 103 includes a configurable interface 301, imple- 
attenuator such as, for example, a PIN diode attenuator. mented with a reprogrammable logic device, to receive 
Likewise, the analog downconverter 123 also includes a 65 digital signals from the base station controller 135 (FIG. 2). 
conventional variable gain amplifier such as, for example, a In a preferred embodiment, the reprogrammable logic 
model AD603 amplifier from Analog Devices. The gain of device is a Xilinx XC4003 field programmable gate array 
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(FPGA), although any suitable reprogrammable logic device the dynamic range, the digital signal detected by the D-A 

can be used. As a result, the configurable interface 301 can converter will "wrap-around" to a value near the minimum 

be configured to operate with various transmitter controllers. value, causing the analog output signal have a very small 

The configurable interface 301 is connected to the DSP amplitude. Similarly, a minimum value signal exceeding the 

module 305 (described below in conjunction with FIG. 4), 5 dynamic range will result in an analog output signal at near 

which receives real digital signals from the interface 301 and $t C maximum amplitude. In the A-D converter, exceeding 

converts them into filtered complex digital signals. The DSP toe dynamic ran g e will result in clipping of high amplitude 

module 305 is programmed to produce the in-phase and ^ nals ^ predistorter can te programmed to maintain a 

quadrature component signals from the digital signal maximal dynamic range as described in more detail below in 

received by the configurable interface 301. Additional DSP 1Q CODjunction with piG 8. 

modules substantially similar to DSP module 305 in hard- „ , , . , . AA 

ware implementation may be used to implement a more fl Stoll further, the DSP module 400 can be remotely recon- 

cx>mplexmodulation algorithm or to increase the speed of fi S urcd * ™ oUX l ™™^* g 

the modulator mation to the controller 238 (FIG. 2). For example, the 

^ ^. tU J A: . tnl ^„ A „i n ^ 1 rti ™„ Ka ™.™,™™.^ ^ controller 238 includes a port that can be coupled to an 

Further, the diptal modulator 103 may be programmed to „ cxternal commumcati on means, su* as a modem coupled to 
delay incoming ognab from the transrmttcr controller 135 ^ ^ ^ ^ <Mta ^ ^ receiv / recon . 

f °- 2 ) H for . use " * """T J » £r T t e Monition transmitted over the telephone lines 

—tiers in addition to the transmitter 2*0 (flG. 2) to ^^ ttototora ^ totteIOTl ^ to l ett ^ lll 
transmit the date signals.pis r^gniinmed delay ts adjusted fc nonvolati i e memory 405. Of course, in other embodi- 

T n tt T aaa . T"^ ^ Tf 20 m«ts the controller 238 can remotely receive the configu- 

substantially the same time as otiie. ^transmitters that are ^ othcr r 4 0te con^^on 

tansimmng ttie same date signak. Trus delay scheme ,s schemes ^ in , ^ embodiment , DSP raodules 

described further m the aforementioned Marchetto patent 5ubstalltially similar ^ DSP modulc 400 are used to 

In addition, the digital modulator 103 can be programmed me m ^ pre distorter 107 (FIG. 2) so 

to equalize processing delays within the digital modulator 25 ftat m ^ ^ sabsequcntly reconfigured with updated 

itself that arise when the modulation format is changed. For p re distortion algorithms. In addition, this embodiment of the 

example, the processing delays within the digital modulator m can ^ so mat me ^na 131 can 

for FSK modulation and for AM single sideband (SSB) a fast Fourier ,,^0^. (ppx) of me 80 o ksps 

voice modulation are different Consequently, for example, comp iex base band signals received from the digital deci- 

when a first set or packet of data signals are modulated using 30 22 o thereby producing the spectrum of baseband 

a relatively slow modulation processing format, followed by signals. 

a second set of data signals using a relatively fast modulation ' . 4j.1_._- 

processing format, tile digital modulator 103 may experi- , M °[ eover ' the DSPmodule m^plementing the tnuner can 

ence a fault as the "fast" data overtakes the "slow" data. This ^ * P^ammed to compare this spectrum to a mask or 

j 1 . , , , A _ . »jl \jf„ r „u a t+„ envelope of the maximum allowed out-of-band signal levels, 

delay scheme is also described further in the Marchetto 3 < ^ , . . _ . A , & 

■\ " If the out-of-band signal levels exceed the maximum 

pa ~L° . _ . „ , . , „ _ or , allowed, then the DSP module can cause a transmitter 

IS 3 ^ ° f ° n f . cm ^ ment K °f disabirandreseteitherdirecUy orby signaling the controller 

module 400 adding to the present invention substanUaUy force shutdown ^ reset of 

identical to DSP module 30 a (FIG . 3) in hardware imple- ^ R J,^^ the trainer can be programmed to 

mentation. Hie DSP module 400 includes a microprocessor 40 monitor ^ of ^ envelop e 0 f the transmitted 

401. In a preferred «*odime^ rf ^ KK jJUtloo has a constanVenvelope and, thus, 

udutoaDSPim^ ^ sum of ^ squares of the in-phase and quadrature 

Texas Instruments, although any suitable ^processor m &s of each sample should be equal to the same 

can be used. The imcroproces 5 « -401 . is ^connected to a static ££ e The eaToTprogrammed to indicate a fault to 

random access memory (SRAM) 403 and a nonvolatile 45 ^ ^ whcn ^ c cnvd is QOt constant 

memory 405. In this embodiment, the nonvolatile memory l . . .. . , _ OT _ 

405 is implemented using a flash electrically programmable Further, when implementing the predistorter with a DSP 

read only memory (EPROM). As a result, the DSP module module 400 > toe predistorter can, on powerdown store the 

400 can be configured or programmed for a variety of predistortion values in the nonvolatile memory 405. As a 

mDctio M ,suchas,forexara^ 50 result > Predistorter can use these stored values immedi- 

interpolator, trainer or predistorter. Further, the DSP module ^ P° wcr U P to prcdistort data to be transmitted. 

400 can be reprogrammed to change its functionality ™ us > toe predistorter does not require a special initialization 

through the controller 238, which can be programmed to P™"* 5 with sequences as required in many 

replace the configuration program stored in the nonvolatile conventional systems, 

memory 405 . 55 Additionally, the DSP module in the modulator 103 (FIG. 

In addition, when the trainer 131 and the predistorter 107 2) can be programmed to scale the in-phasc and quadrature 

arc implemented with DSP modules, the DSP modules can output signals at start-up and powerdown to 4 'ramp" the 

be programmed to maintain the maximum dynamic range in m P ut signals to the power amplifier using a look up table 

the digital signals passing through the D-A and A-D con- (LUT) containing a smooth ramping function of multiplier 

verters in the transmitter 200 (FIG. 2). Maximizing the 60 factors, thereby reducing transients in the power supply 

dynamic range helps maximize the signal-to-noise ratio of voltages and spurious output signal from the power ampli- 

the signals passed through the transmitter. However, if the fier. In a preferred embodiment, a Gaussian scaling is used 

dynamic range is exceeded, the transmitter suffers severe Smooth ramping can be individually applied to individual 

performance degradation. In the D-A converter, exceeding subcarriers when more than one is transmitted simulta- 

the dynamic range causes so called 'vvrap-around" of the 65 ueously. 

output analog signal. Thus, for example, when the D-A FIG. 5 is a block diagram of one embodiment of the 

converter receives a maximum amplitude signal that exceeds digital interpolator 209 and the digital quadrature modulator 
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111 according to the present invention. The digital upcon- controller, which can be used to reconfigure the various 
verter receives the complex signals from the predistorter 107 reconfigurable components of the transmitter 200 (FIG. 2). 
(FIG. 2) in FIFOs 501 and 505, which feed two pairs of half In addition, the microprocessor 601 can receive the FFT 
band filters 503 and 507. In a preferred embodiment, the two information from the trainer 131 (described above in con- 
pairs of half band interpolation filters are used to accomplish 5 junction with FIG. 4) through the global bu s 605 and provide 
part of the upconversion from 800 ksps to 3.2 Msps are two ^ s ppp information to the maintenance port 607 for remote 
pairs of Harris HSP43216 half-band filters, which feed a monitoring of the transmitted spectrum, 
seven-times interpolator. The seven-toes interpolator J* ^ ^ embodiment, the microcontroller 601 also includes 

iB ^T^ h ^ a P* rt 609 f <* connecting to a VT100 terminal for 

apretoederabo^ 10 J£ torin testiDg ^ troubleshooting. In addition, the 

ing a cascaded in egrator/comb (QC) filter In addition the ^ mclu(les { ut ^ output ports 6U md 

reprogrammable ^^ c ^ 9 ^ ^}™Z^r fti «™> respectively, for receiving the average power signals 

tal quadrature modulator 111 The D-A converter 112 ^ d \ Q /^ m ^ ^ gain and attenuation of the analog 

reaves the output signals of the di^ua^ downconverter and analog upconverter, as described above 

lator 111 and outouts a real analog ^^^f'^ is in conjunction with FIG 2. A prognimmable logic device 

signal corresponding to the real digital signal outputted by (pLD) J 615 such as {o[ ^ a ^25006 PLD is also 

the digital quadrature modulator 111. The D-A converter can t0 ^ microcontroller 601 and provides control 

be any suitable D-A converter, such as, for example, a model ^ pK}As ^ me quadrature modulator and 

DAC600 available from Burr-Brown. the (figital quadrature demodulator 

Further, the FPGA can be programmed to monitor check „ microcontroller 601 can be programmed 

predistorter is programmed to j^™^^**^ Sg^ quadrature modulator 111 and digital quadrature 

the in-phase and quadrature data outputted by the prcdis- # . *f *«Z & 

torter. The check bits are used to detect if the data flow in the demoouiator azs. 

transmitter becomes incorrectly synchronized (e.g., large FIG. 7 is a flow diagram illustrating the operation of the 

fields, power surges, static discharge, etc. may cause mis- controller 238 (FIG. 2) in automatically adjusting the attenu- 

clocking between in-phase and quadrature signals). If the ation and gain of the analog upconverter 113 and analog 

in-phase and quadrature signals get out of synch, then the 30 downconverter 123 (FIG 2). The controller 238 performs 

transmitter output signals will be severely distorted. The this calibration periodically by checking whether a calibra- 

FPGA of the digital quadrature modulator compares the tion interval timer has expired, as shown in step 701. In a 

check bits between corresponding in-phase and quadrature preferred embodiment, the interval is ar^oximately ten 

signals and if they do not match, then the digital quadrature minutes. The controller repeats checking the calibration 

modulator causes the transmitter to be disabled and reset, 35 timer until the interval has expired, and then performs a step 

either directly or by signaling the controller 238 (FIG. 2), 703. 

which then disables and resets the transmitter. In step 703, the controller 238 checks whether the trans- 

In addition, when the predistorter output signals are mitter 200 (FIG. 2) has started a transmission suitable for 

correctly clocked, the FIFOs 501 and 505 are approximately use in the calibrating process. Suitable transmissions are 

half filled. Thus, any overflow or underflow condition in the 40 those that have an approximately constant power level such 

FIFOs 501 and 505 is indicative of a serious clock fault. as, for example, FSK modulated signals. QAM signals can 

Thus, if one or both of the FIFOs indicate an overflow or also be suitable. Normal digital data transmissions are 

underflow condition, the digital quadrature modulator again typically suitable, although voice transmissions are not If a 

indicates a fault condition to disable and reset the transmit- suitable transmission has not started, then the controller 238 

ter 45 repeats step 703 until one does begin. 

FIG. 6 is a block diagram of one embodiment of the The controller 238 then performs a step 705 where it takes 

controller 238 according to the present invention. The con- a 100 us average of the transmitted power. The controller 

droller 238 includes a microcontroUer 601 connected to a 238, in a next step 707, compares the measured average 

SRAM 602 and a nonvolatile memory 603. In a preferred power with a stored reference. In a preferred embodiment, 

embodiment, the microcontroller 601 is a Motorola 50 the stored reference is the average power of a test tone 

MC68HC16 microcontroller, although any suitable micro- transmitted at the time of manufacture. If the measured 

controller can be used. The microcontroller 601 is connected average power is greater than the reference, then in a step 

to a global bus 605, which is also connected to the recon- 709 the controller 238 causes the analog upconverter 113 to 

figurable components of the transmitter 200 (FIG. 2), such increase its attenuation and the analog downconverter 123 to 

as the digital modulator 103, the interpolator 205, the 55 decrease its gain, as described above in conjunction with 

predistorter 107 and the digital decimatar 229. The control- FIG. 2. In contrast, if the measured average power is less 

ler 238 provides reconfiguration information to the recon- than the reference, then in a step 711 the controller 238 

figurable components through the global bus 605. causes the analog upconverter 113 to decrease its attenuation 

The miCTocontroller 601 also includes a maintenance port and the analog downconverter 123 to increase its gain. 

607. The maintenance port can be configured as either an 60 However, if the measured average power is approximately 

EIA-232 or EIA-422 interface. The maintenance port 607 equal to the reference (i.e, within tolerance), then the 

can be used to receive information from an external source controller 238 does not modify the attenuation or gain of the 

as described in the data sheet for the MC68HC16, which is analog upconverter or downconverter. The controller 238 

incorporated herein by reference. Thus, by coupling a then loops back to step 701 to wait for the next calibration 

remote communication device, such as a modem, to the 65 interval to expire, 

maintenance port 607, the controller 238 can receive recon- FIG. 8 is a flow diagram illustrating the operation of the 

figuration information remotely communicated to the predistorter 107 (FIG. 2) implemented with a DSP module 
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(FIG. 4) in automatically maintaining a maximal dynamic 
range of signals passing through the transmitter 200 (FIG. 
2). The predistorter 107 is coupled to receive an interrupt 
signal from the digital quadrature modulator 111 and the 
digital quadrature demodulator 125 whenever an overflow 5 
condition has occurred (i.e., the dynamic range has been 
exceeded). An interrupt causes the predistorter 107 to per- 
form a step 801, indicating an overflow was detected in the 
A-D converter or the D-A converter (FIG. 2). The predis- 
torter 107 then performs a step 803 to scale down the 10 
predistorter output signals to prevent overflow of subsequent 
signals. Then, in a next step 805, the predistorter 107 
compares the average amplitude of the predistorter output 
signals to the allowed range of the D-A and A-D converters. 
In a next step 807, an evaluation is made of whether the is 
average amplitude is higher than the allowed range. If so, the 
predistorter scales its output signals down in a step 809. 
However, if in step 807 the average amplitude is determined 
to be lower, then in a step 811 the predistorter scales its 
output signals up. The predistorter 107 then returns to step 20 
805, repeating the cycle until the next interrupt. 

The embodiments of the transmitter described above are 
illustrative of the principles of the present invention and are 
not intended to limit the invention to the particular embodi- 
ments described. For example, while a preferred embodi- 25 
meat has been described in connection with a paging 
transmitter, the linear transmitter will find application in 
many broadcast environments. In addition, the embodiments 
described above can be adapted for different modulation 
formats without undue experimentation by those skilled in 30 
the art, in light of the present disclosure. For example, voice 
signals modulated by AM SSB can also be supported, as 
well as multiple subcaniers of such modulated signals. 
Accordingly, while a preferred embodiment of the invention 
has been illustrated and described, it will be appreciated that 35 
in light of this disclosure, various changes can be made 
therein without departing from the spirit and scope of the 
invention. 

The embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follows: 40 

1. A transmitter for substantially linearly transmitting 
signals at a broadcast frequency, the transmitter comprising: 

a digital modulator coupled to receive digital data, 
wherein said modulator is capable of providing an 
in-phase signal and a quadrature signal dependent on 45 
said digital data; 

a predistorter coupled to said digital modulator, wherein 
said predistorter is capable of providing a predistorted 
in-phase signal dependent on said in-phase signal pro- ^ 
vided by said digital modulator and a predistorted 
quadrature signal dependent on said quadrature signal 
provided by said digital modulator; 

a digital quadrature modulator coupled to said 
predistorter, wherein said digital quadrature modulator 55 
is capable of providing a digital predistorted signal 
dependent on a combination of said predistorted 
in-phase signal and said predistorted quadrature signal 
provided by said predistorter; 

a digital-to-analog converter coupled to said digital 60 
quadrature modulator, wherein said digital-to-analog 
converter is capable of providing an analog predistorted 
signal dependent on said digital predistorted signal 
provided by said digital quadrature modulator; 

a power amplifier coupled to said digital-to-analog 65 
converter, wherein said power amplifier is capable of 
providing an amplified analog signal dependent on 
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analog predistorted signal provided by said digital-to- 
analog converter; 
an antenna coupled to said power amplifier, wherein said 
antenna is capable of broadcasting said amplified ana- 
log signal provided by said power amplifier; 
a coupler coupled to said power amplifier, wherein said 
coupler is capable of providing a receive signal depen- 
dent on said amplified analog signal provided by said 
power amplifier, 
an analog-to-digital converter coupled to said coupler, 
wherein said analog-to-digital converter is capable of 
providing a digital receive signal dependent on said 
receive signal provided by said coupler; 
a digital quadrature demodulator coupled to said analog- 
to-digital converter, wherein said digital quadrature 
demodulator is capable of providing a feedback 
in-phase signal and a feedback quadrature signal 
dependent on said digital receive signal provided by 
said analog-to-digital converter; 
a trainer coupled to said digital quadrature demodulator, 
said predistorter and said digital modulator, wherein 
said trainer is capable of providing a trainer signal to 
said predistorter, said trainer signal being dependent on 
said feedback in-phase signal, said feedback quadrature 
signal, said in-phase signal, and said quadrature signal, 
wherein a subsequent predistorted in-phase signal and 
a subsequent predistorted quadrature signal provided 
by said predistorter are dependent on said trainer signal 
and subsequent in-phase and quadrature signals pro- 
vided by said digital modulator; and 
a controller coupled to said digital modulator, said 
predistorter, and said trainer, wherein said digital 
modulator, said predistorter, and said trainer are 
reconfigurable, said controller being capable of select- 
ably providing reconfiguration signals to said digital 
modulator, said predistorter, and said trainer, whereby 
said digital modulator, said predistorter, and said trainer 
are selectabfy reconfigured. 

2. The transmitter of claim 1 further comprising: 

an analog upconverter coupled between said digital-to- 
analog converter and said power amplifier, wherein 
said analog upconverter is capable of providing to said 
power amplifier a broadcast frequency signal depen- 
dent on said analog predistorted signal provided by said 
digital-to-analog converter; and 

an analog downconverter coupled between said coupler 
and said analog-to-digital converter, wherein said ana- 
log downconverter is capable of providing to said 
analog-to-digital converter an analog intermediate fre- 
quency signal dependent on said receive signal pro- 
vided by said coupler. 

3. The transmitter of claim 2 further comprising an 
interpolator coupled between said digital modulator and said 
predistorter, wherein said interpolator is capable of provid- 
ing an interpolated in-phase signal dependent on said 
in-phase signal provided by said digital modulator and an 
interpolated quadrature signal dependent on said quadrature 
signal provided by said digital modulator. 

4. The transmitter of claim 3 further comprising: 

a digital interpolator coupled between said predistorter 
and said digital quadrature modulator, wherein said 
digital interpolator is capable of providing an upcon- 
verted in-phase signal dependent on said predistorted 
in-phase signal provided by said predistorter and an 
upcon verted quadrature signal dependent on said pre- 
distorted quadrature signal provided by said predis- 
torter; and 
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a digital decimator coupled between said trainer and said 
digital quadrature demodulator, wherein said digital 
decimator is capable of providing a downconverted 
in-phase signal dependent on said feedback in-phase 
signal provided by said digital quadrature demodulator 
and a downconverted quadrature signal dependent on 
said feedback quadrature signal provided by said digital 
quadrature demodulator. 

5. The transmitter of claim 1 wherein said controUer is 
capable of adjusting a gain of said analog intermediate 
frequency signal provided by said analog downconverter 
and adjusting an attenuation of said broadcast frequency 
signal provided by said analog upconverter. 

6. The transmitter of claim 1 wherein said controller is 
adapted to receive reconfiguration information remotely 
communicated to said linear transmitter. 

7. The transmitter of claim 6 wherein said digital 
modulator, said digital quadrature modulator, and said digi- 
tal quadrature demodulator each comprise a reprogram- 
mable logic device. 

8. The transmitter of claim 7 wherein said digital 
modulator, said digital quadrature modulator, and said digi- 
tal quadrature demodulator each comprise a field program- 
mable gate array. 

9. The transmitter of claim 8 wherein said transmitter is 
used in a paging system. 

10. The transmitter of claim 9 wherein said digital modu- 
lator is capable of smoothly scaling up said in-phase signal 
and said quadrature signal when said transmitter is being 
powered up and capable of smoothly scaling down said 
in-phase signal and said quadrature signal when said trans- 
mitter is being powered down. 

11. The transmitter of claim 9 wherein said digital modu- 
lator is capable, when said transmitter is transmitting mul- 
tiple subcarrier signals simultaneously, of smoothly ramping 
up individual subcarrier signals and said transmitter is being 
powered up and capable of smoothly ramping down said 
individual subcarrier signals when said transmitter is being 
powered down. 

12. The transmitter of claim 1 further comprising a 
controller coupled to said digital modulator, said 
predistorter. and said trainer, wherein said digital modulator, 
said predistorter, and said trainer are reconfigurable, said 
controller being capable of selectably providing reconfigu- 
ration signals to said digital modulator said predistorter, and 45 
said trainer, whereby said digital modulator said predistorter, 
and said trainer are selectably reconfigured. 

13. The transmitter of claim 12 wherein said controller is 
adapted to receive reconfiguration information remotely 
communicated to said linear transmitter. 50 

14. The transmitter of claim 3 further comprising a 
controller coupled to said digital modulator, said 
interpolator, said predistorter, and said trainer, wherein said 
digital modulator, said interpolator, said predistorter, and 
said trainer are reconfigurable, said controller being capable 55 
of selectably providing reconfiguration signals to said digital 
modulator, said interpolator, said predistorter, and said 
trainer, whereby said digital modulator, said interpolator, 
said predistorter, and said trainer are selectably reconfig- 
ured. 

15. The transmitter of claim 14 wherein said controller is 
capable of adjusting a gain of said analog intermediate 
frequency signal provided by said analog downconverter 
and adjusting an attenuation of said broadcast frequency 
signal provided by said analog upconverter. 

16. The transmitter of claim 1 wherein said trainer com- 
prises a microprocessor. 
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17. The transmitter of claim 16 wherein said micropro- 
cessor is programmed to perform a fast Fourier transform of 
said feed-back in-phase signal and said feedback quadrature 
signal. 

18. The transmitter of claim 16 wherein said predistorter 
comprises a nonvolatile memory, said predistorter storing 
predistortion values in said nonvolatile memory during a 
powerdown and using said stored predistortion values in 
providing predistorted in-phase and predistorted quadrature 
signals during a power-up sequentially following said pow- 
erdown. 

19. The transmitter of claim 8 wherein said predistorter 
comprises a microprocessor programmed to add matching 
check bits to said predistorted in-phase signal and said 
predistorted quadrature signal 

20. The transmitter of claim 19 wherein said field pro- 
grammable gate array of said digital quadrature modulator is 
configured to monitor check bits in said upconverted 
in-phase signal and said upconverted quadrature signal. 

21. The transmitter of claim 1 wherein said trainer signal 
is not dependent on digital data dedicated to training the 
trainer. 

22. The transmitter of claim 1 wherein said digital data 
does not include data dedicated to training the trainer. . 

23. A transmitter for substantially linearly transmitting 
signals at a broadcast frequency, the transmitter comprising: 

a modulator for receiving digital data and mapping said 
digital data into an in-phase signal and a quadrature 
signal; 

an interpolator for increasing the sampling rate of said 
in-phase and said quadrature signal; 

a predistorter that modifies said in-phase and said quadra- 
ture signal into a predistorted in-phase signal and a 
predistorted quadrature signal, respectively; 

a digital quadrature modulator that combines said predis- 
torted in-phase signal and said predistorted quadrature 
signal into a digital predistorted signal; 

a digital-to-analog converter mat converts the digital 
predistorted signal into an analog predistorted signal; 

an analog upconverter for increasing the frequency of said 
analog predistorted signal to said broadcast frequency; 

a power amplifier that amplifies said analog predistorted 
signal from said analog upconverter; 

an antenna for broadcasting said analog predistorted sig- 
nal from said power amplifier; 

a coupler for receiving a portion of said analog predis- 
torted signal amplified by said power amplifier, 

an analog downconverter for decreasing the frequency of 
said analog predistorted signal received by said cou- 
pler, 

an analog-to-digital converter that converts the analog 
predistorted signal from the analog downconverter into 
a digital predistorted signal; 
a digital quadrature demodulator that converts said digital 
predistorted signal from said analog-to-digital con- 
verter into a feedback in-phase signal and a feedback 
quadrature signal; 
a trainer for comparing said feedback in-phase signal and 
said feedback quadrature signal with said in-phase 
signal and said quadrature, wherein said trainer modi- 
fies said predistorter such that the output of said power 
amplifier is consistent with said in-phase signal and 
said quadrature signal; and 
a controller coupled to said digital modulator, said 
predistorter, and said trainer, wherein said digital 
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modulator, said predistorter, and said trainer are 
reconfigurable, said controller being capable of select- 
ably providing reconfiguration signals to said digital 
modulator, said predistortei, and said trainer, whereby 
said digital modulator* saidpredistorter, and said trainer 
are selectably reconfigured. 

24. The transmitter of claim 23 wherein said transmitter is 
used in a paging system. 

25. The transmitter of claim 24 further comprising: 
a digital interpolator for providing an interpolated 

in-phase signal dependent on said predistorted in-phase 
signal provided by said predistorter and an interpolated 
quadrature signal dependent on said predistorted 
quadrature signal provided by said predistorter, and 
a digital decimator for providing a decimated in-phase 
signal dependent on said feedback in-phase signal 
provided by said digital quadrature demodulator and a 
decimated quadrature signal dependent on said feed- 
back quadrature signal provided by said digital quadra- 
ture demodulator. 

26. The transmitter of claim 23 wherein said controller is 
coupled to an external communication means, said control- 
ler being capable of receiving reconfiguration information 
remotely communicated to said linear transmitter. 

27. The transmitter of claim 26 wherein said digital 
modulator, said digital quadrature modulator, and said digi- 
tal quadrature demodulator each comprise a reprogram- 
mable logic device. 

28. The transmitter of claim 27 wherein said digital 
modulator, said digital quadrature modulator, and said digi- 
tal quadrature demodulator each comprise a field program- 
mable gate array. 

29. The transmitter of claim 28 further comprising one or 
more additional power amplifiers connected in parallel with 
said power amplifier, said one or more additional power 
amplifiers being substantially identical to said power ampli- 
fier. 

30. The transmitter of claim 23 wherein said controller is 
capable of adjust a gain of said analog predistorted signal 
from said analog down converter and adjusting an attenua- 
tion of said analog predistorted signal from said analog 
upconverter. 

31. A method for transmitting substantially linearly trans- 
mitting signals at a broadcast frequency, the method com- 
prising: 

receiving digital data to be broadcast; 

mapping said digital data into an in-phase signal and a 
quadrature signal; 

predistorting said in-phase and said quadrature signal into so 
a predistorted in-phase signal and a predistorted 
quadrature signal, respectively; 

modulating by digital quadrature modulation said predis- 
torted in-phase signal and said predistorted quadrature 
signal to provide a digital quadrature modulated signal; 55 

converting said digital quadrature modulated signal into 
an analog predistorted signal; 

amplifying said analog predistorted signal to provide an 
amplified analog predistorted signal; 

broadcasting said amplified analog predistorted signal; 

receiving a portion of said amplified analog predistorted 
signal to provide a receive signal; 



converting said receive signal into a digital receive signal; 
demodulating by digital quadrature demodulation said 
digital receive signal to provide a feedback in-phase 
signal and a feedback quadrature signal; 
providing a trainer signal dependent on said feedback 
in-phase signal and said feedback quadrature signal, 
said in-phase signal and said quadrature signal; 
predistorting a subsequent in-phase signal and a subse- 
quent quadrature signal into a subsequent predistorted 
in-phase signal and a subsequent predistorted quadra- 
ture signal, respectively, wherein said subsequent pre- 
distorted in-phase signal and said subsequent predis- 
torted quadrature signal are dependent on said trainer 
signal; and 

receiving remotely communicated reconfiguration infor- 
mation and modifying said predistorting of said 
in-phase and said quadrature signal into said predis- 
torted in-phase signal and said predistorted quadrature 
signal, respectively. 

32. The method of claim 31 further comprising: 
interpolating said in-phase and said quadrature signal 

after mapping said digital data into said in-phase signal 
and said quadrature signal; 
increasing the frequency of said analog predistorted signal 
to a broadcast frequency to provide a broadcast fre- 
quency analog predistorted signal before amplifying 
said analog predistorted signal to provide said ampli- 
fied analog predistorted signal; and 
decreasing the frequency of said receive signal to provide 
an intermediate frequency receive signal after receiving 
said portion of said amplified analog predistorted signal 
to provide said receive signal. 

33. The method of claim 32 further comprising: 
receiving said predistorted in-phase signal and said pre- 
distorted quadrature signal and providing an interpo- 
lated in-phase signal dependent on said predistorted 
in-phase signal and an interpolated quadrature signal 
dependent on said predistorted quadrature signal; and 

receiving said feedback in-phase signal and said feedback 
quadrature signal and providing a decimated in-phase 
signal dependent on said feedback in-phase signal and 
a decimated quadrature signal dependent on said feed- 
back quadrature signal 

34. The method of claim 33 further comprising: 
receiving remotely communicated reconfiguration infor- 
mation; 

modifying said modulation by digital quadrature modu- 
lation of said predistorted in-phase signal and said 
predistorted quadrature signal in response to said 
reconfiguration information; and 
modifying said demodulation by digital quadrature 
55 demodulation of said digital intermediate frequency 
receive signal in response to said reconfiguration infor- 
mation. 

35. The method of claim 32 further comprising adjusting 
an attenuation of said broadcast frequency analog predis- 

60 torted signal and adjusting a gain of said intermediate 
frequency receive signal. 
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